The objective of this study was to determine fish species differences in fatty acid profile of the fat of farmed grass carp, bighead carp, Siberian sturgeon, and wels catfish so as to compare the consumer health benefits they provide. Fatty acid composition range was as follows: saturated fatty acids (SFA), 16.32%-32.96%; monounsaturated fatty acids (MUFA), 41.84%-55.31%; and polyunsaturated fatty acids (PUFA), 13.4%-26.31%. The total content of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) in 100 g of muscle tissue of the fish examined in the current study was 62.61 mg for grass carp, 150.51 mg for wels catfish, 488.67 mg for bighead carp, and 619.06 mg for Siberian sturgeon. The ratios of n-6/n-3 (0.44-1.72) and PUFA/SFA (0.45-1.61) in the fat of the fish analyzed were beneficial.
Introduction
Higher nutritive value of fish is well documented in the studies of many authors [1] [2] [3] [4] [5] [6] [7] . It comes mainly from easily digestible protein and fat it contains [8] . In recent years, increasing attention has been focused on the significance of fatty acids in human nutrition. Fish fat is characterized by an advantageous composition of fatty acids. The assessment of fatty acid profile includes the level of saturated fatty acids (SFA), monounsaturated fatty acids (MUFA), polyunsaturated fatty acids (PUFA), and n-3 and n-6 family as well as the ratio of n-6 to n-3 and PUFA to SFA. Furthermore, the amount of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) from the n-3 family and arachidonic acid (AA) from the n-6 family is of great importance. These acids are essential for normal growth and development of organism as well as health promotion and disease prevention [9] [10] [11] [12] [13] [14] [15] .
A number of authors evaluated fatty acid profile of marine or farmed fish along with consumer health benefits provided by dietary inclusion of the studied fish [8, [16] [17] [18] [19] [20] [21] [22] . However, the data on nutritive value of fat of the selected fish species from the fishing farms in eastern Poland are limited.
The objective of the present study was determination of fish species variation in fatty acid profile of fat in important farmed food fish such as grass carp (Ctenopharyngodon idella), bighead carp (Aristichthys nobilis), Siberian sturgeon (Acipenser baerii), and wels catfish (Silurus glanis) and comparison of their health-promoting benefits for consumers.
Materials and Methods

Samples and Analysis.
Research material included muscle tissue of grass carp (Ctenopharyngodon idella) ( = 6), bighead carp (Aristichthys nobilis) ( = 6), Siberian sturgeon (Acipenser baerii) ( = 6), and wels catfish (Silurus glanis) ( = 6). The aforementioned fish species were caught at the fish farms located in eastern Poland. Grass carp and bighead carp are herbivorous fish, whereas Siberian sturgeon and wels catfish are predatory fish. The fish ate natural alimentation which was in pond and did not receive any industrial feed.
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After fish harvesting and killing, the body weight and length of each fish were measured. Within an hour, the fish were transported at 0 ∘ C-4 ∘ C to the laboratory, where they were gutted and filleted. A laboratory sample consisted of a pair of fillets from each fish, minced twice and then homogenized.
Following lyophilization of the tissues, lipids were extracted with a Soxhlet extractor (VELP SCIENTIFICA SER 148 Solvent Extractor) [23] . To obtain fatty acids for analysis, 100 mg of fat was collected. Fatty acid esters were obtained according to international standards [24, 25] . The samples obtained were analyzed using a Varian 3800 gas chromatograph with a FID detector and a CP-Wax 52CB WCOT Fused Silica capillary column, with length of 60 m and an inner diameter of 0.25 mm. The initial temperature for the analysis was 120 ∘ C for 5 minutes and the final temperature was 210 ∘ C. The injector temperature was 260 ∘ C and the detector temperature was 260 ∘ C. The hydrogen flow rate was 30 ml/min, air 300 ml/min, and helium 1.4 ml/min. The volume of the injected sample was 1 l. The results for the percentage content of fatty acids in the sample were obtained using Star GC Workstation Version 6.30.
The content of fatty acids expressed in mg/100 g muscle tissue was calculated using a conversion factor of 0.956 and the total lipid content of fish muscle tissue [26] .
Statistical Analysis.
The results presented as means ± SD were submitted to analysis of variance (MANOVA) at 0.05 significance level, using Statistica 10. The mean values were compared by Tukey's test.
Results and Discussion
The mean body weight and length were 2.47 ± 0.22 kg and 58.67 ± 1.75 cm for grass carp, 2.64 ± 0.19 kg and 50.58 ± 0.92 cm for bighead carp, 2.17 ± 0.82 kg and 79.83 ± 9.02 cm for Siberian sturgeon, and 2.71 ± 0.15 kg and 74.17 ± 1.17 cm for wels catfish.
As for the fish analyzed in this study, a fat content (%) in the muscle tissue was 10.84 ± 2.98 for Siberian sturgeon, 9.42 ± 2.21 for bighead carp, 3.33 ± 1.83 for wels catfish, and 3.07 ± 0.63 for grass carp. According to the Polish Standard [27] , Siberian sturgeon and bighead carp were fat fish, while wels catfish and grass carp were medium fat fish.
Fatty acid profiles of fat of grass carp, bighead carp, Siberian sturgeon, and wels catfish are given in Table 1 . The total saturated fatty acids (SFA) ranged from 16.32% up to 32.96%. Grass carp and bighead carp had significantly more saturated fatty acids as compared to Siberian sturgeon and wels catfish. Saturated fatty acids levels reported by other authors in the same fish species were different from those obtained in the present research. Ljubojević et al. [28] indicated a higher SFA content in bighead carp (32.82%) and wels catfish (30.22%) but lower in grass carp (28.72%). Badiani et al. [29] showed a higher SFA level in sturgeon (25.99%). Four fish species discussed in this study contained less SFA compared to other freshwater fish species like pike, zander, bream, tilapia, and pangasius, whose SFA level was between 36.28% and 42.18% [22, 30] . Palmitic acid (C16:0) was the dominant SFA in the analyzed fish, from 10.50% in wels catfish up to 24.66% in grass carp, contributing 64.34%-78.61% of the total saturated fatty acid (SFA). Palmitic acid was also found as the major SFA in the lipids of many freshwater fish species with percentage 16.83%-29.19% [22, 30] . Stearic (C18:0) and myristic acid (C14:0) followed palmitic acid with regard to the quantity in the saturated fatty acid group determined in the fat of grass carp, bighead carp, wels catfish, and Siberian sturgeon. The content of these acids was as follows: 1.59%-5.48% and 1.57%-2.50%, respectively. Alike, stearic acid and myristic acid were the next highest in the saturated fatty acid group of the fish from the Vistula Lagoon such as bream, eel, roach, perch, and pike perch ranging within 3.62%-6.02% and 1.55%-4.03%, respectively [8] . Monounsaturated fatty acids (MUFA) were found most abundant in the fat of the studied fish species; their level in wels catfish, Siberian sturgeon, and bighead carp was comparable (54.08%-55.31%) but significantly higher than in grass carp (41.84%). The aforementioned fish species showed the greatest amount of oleic acid (C18:1 n-9) within the range 29.35%-47.71% making up 69.12%-88.20% of the total monounsaturated fatty acids (MUFA). Palmitoleic acid (C16:1 n-9) varying within 2.22%-10.90% and vaccenic acid (C18:1 n-7) 2.74%-4.42% followed in order of the most abundant acids. The quantity of other fatty acids identified in this group was below 1%. Ljubojević et al. [28] highlighted a higher content of monounsaturated fatty acids in grass carp (50.6%) but lower in bighead carp (33.48%) and wels catfish (41.43%) as compared to the levels established in the same fish species in the present research. Badiani et al. [29] reported that MUFA content in sturgeon maintained level between 43.08% and 51.82% and the value close to the upper limit was determined in the present studies on this fish species. Like this research, oleic acid (18:1 n-9) in these fish species had the highest level in the group of monounsaturated fatty acids ranging between 24.00% and 38.83% [28] . In other freshwater fish species such as zander, pike, bream, and carp, oleic acid (18:1 n-9) also prevailed ranging from 16.01% up to 32.63%, whereas a content of monounsaturated fatty acids was lower (27.46%-48.57%) than that obtained in the present research in bighead carp, Siberian sturgeon, and wels catfish [22] . A level of polyunsaturated fatty acids (PUFA) in the fat of Siberian sturgeon, grass carp, and wels catfish was significantly higher (24.24%-26.31%) compared to bighead carp (13.4%). As for grass carp, Siberian sturgeon, and wels catfish, linoleic acid (C18:2 n-6) was most abundant, at the level of 9.56%-15.15% whereas linolenic acid (C18:3 n-3) dominated in bighead carp-3.52%. The PUFA n-6 content was the highest in wels catfish (16.63%) comparable to Siberian sturgeon and grass carp (14.00% and 13.64%, resp.), while the lowest content was in bighead carp (4.11%). The PUFA n-3 level was similar in four fish species varying between 9.29% and 10.94%. The other studies [28, 29] indicated a lower PUFA n-6 content in sturgeon (4.31%) and wels catfish (11.18%), while being higher in bighead carp (9.31%). Regarding grass carp, it was comparable (13.63%) to those obtained for these fish species in the present research. In these studies, PUFA n-3 content was lower in grass carp (7.46%) and higher in bighead carp, sturgeon, and wels catfish (24.54%, 18.09%, and 17.21%, resp.) [28, 29] . In other freshwater fish species, the PUFA n-6 and PUFA n-3 level was differentiated and ranged within 8.46%-16.32% and 5.01%-24.85%, respectively [22, 30] . The PUFA n-6 and n-3 values obtained in the present studies on four fish species were found within these ranges. The ratio of PUFA n-6 to n-3 and PUFA to SFA is of great importance for good health. Nutritionists emphasize the significance of maintaining a low n-6 to n-3 ratio in diets to prevent arteriosclerosis [8] . Values higher than the maximum are harmful to health and may contribute to cardiovascular diseases development [31] . The UK Department of Health recommends the maximum n-6 to n-3 ratio of 4.0 [32] . The ratio n-6 to n-3 in the fish examined in the current study was 0.44 for bighead carp, 1.24 for grass carp, 1.37 for sturgeon, and 1.72 for wels catfish and, thus, it did not exceed the recommended maximum dietary ratio of 4.0 [32] . The reports available in the literature present the ratio of PUFA n-6 to n-3 in freshwater fish within the range of 0.21-2.78 [17, 28] . Another important factor in the prevention of cardiovascular disease is the ratio of PUFA to SFA [8] . A minimum value of PUFA to SFA ratio recommended is 0.45 [32] , whereas these ratios in the fish examined were equal to or higher than the recommended minimum value of 0.45 [32] , that is, 0.45 for bighead carp, 0.75 for grass carp, 1.32 for sturgeon, and 1.61 for wels catfish. Ljubojević et al. [28] andÖzogul et al. [17] reported the PUFA to SFA ratio for freshwater fish within the range 0.66-1.56. The nutritive value of fish depends on the content of fatty acids that are beneficial to health [8] . The highest EPA level (eicosapentaenoic acid) was noted in the fat of bighead carp (2.92%) followed by Siberian sturgeon (2.38%), wels catfish (1.63%), and grass carp (1.10%). A DHA level (docosahexaenoic acid) was close to that in Siberian sturgeon and wels catfish (3.7% and 3.01%), lower in bighead carp (2.29%), and the lowest in grass carp (1.08%). In other freshwater fish species, EPA content varied from 0.65% up to 20.15%, whereas DHA level varied from 0.72% up to 27.08% [17, 33, 34] . The EPA and DHA values determined in the present research for grass carp, bighead carp, Siberian sturgeon, and wels catfish fall within these ranges. The percentage share of fatty acids in the fat does not reflect the concentration of these acids expressed as mg/100 g in muscle tissue. The fatty acids expressed in mg/100 g fish muscle tissue allow for determination of nutritive and a properly balanced diet. For wider information, the contents of SFA, MUFA, PUFA, and n-3 and n-6 family as well as EPA and DHA in the muscle tissue of the analyzed fish are presented in Table 2 . In the fish species analyzed, EPA content was between 31.62 and 273.83, while DHA content was from 30.99 up to 375.55 mg/100 g muscle tissue. The least amount of these acids (including EPA + DHA mg/100 g) was found in the grass carp muscle tissues (62.61), with higher concentrations found in the muscle tissues of wels catfish (150.51) and markedly higher ones in the muscle tissue of bighead carp (488.67) and Siberian sturgeon (619.06). The level of EPA + DHA mg/100 g also varied among other farmed fish species and reached 24.8 in sutchi catfish, 70.8 in tilapia, 214.5 in carp, and 1804.0 in trout [3] . The majority of recommendations have been issued on the basis of the amount of EPA + DHA together, without specific guidance for each fatty acid [12] . The European Food Safety Authority recommends the intake of 250 mg/day EPA + DHA [35] . The results obtained in this study indicated that the recommended dose 250 mg/day of EPA + DHA was available in about 40 g of sturgeon, 50 g of bighead carp, 170 g of wels catfish, and 400 g of grass carp. Arachidonic acid (AA) (C20:4 n-6) concentration was the highest in grass carp (2.72%) followed by bighead carp (1.34%), whereas it was the lowest and comparable in Siberian sturgeon and wels catfish (0.48 and 0.4%, resp.). Ljubojević et al. [28] indicated a lower arachidonic acid content in grass carp (1.61%) and a higher one in bighead carp and wels catfish (4.05% and 3.55%, resp.) compared to the levels established in these species in the present studies. According to Badiani et al. [29] , arachidonic acid concentration in cultured sturgeon oscillated between 0.44% and 1.16% and the values determined for this fish species in the current research were found within this range. A content of arachidonic acid in other farmed fish species such as trout, sutchi catfish, carp, and tilapia varied between 0.5% and 1.9% [3] , while for carp, bream, pike, and zander it varied between 2.52% and 4.57% [22] . The 1.4 : 1-2 : 1 proportion of DHA (docosahexaenoic acid) to AA (arachidonic acid) proves beneficial for pregnant women [12] and this proportion was determined in the bighead carp fat (2.29 : 1.34). As for grass carp, Siberian sturgeon, and wels catfish, these acids were found at a different ratio, that is, 1.08 : 2.72, 3.7 : 0.48, and 3.01 : 0.4, respectively. The analysis of fatty acid profile of the fat of grass carp, bighead carp, Siberian sturgeon, and wels catfish analyzed in the present studies as well as the research results presented by other authors showed the differences in concentration of fatty acids. The effect of species, age, diet, water salinity, season, and geographical location on the fatty acid profile of fish fat is well evidenced by other authors [1, 16, [36] [37] [38] [39] and that explains the differences in fatty acid profiles of fish fat.
Conclusion
Fatty acid profile of the fat of the examined fish depended on the fish species. The fish species analyzed in the present research make a source of essential unsaturated fatty acids. The ratios of n-6 to n-3 fatty acids and polyunsaturated fatty acids to saturated fatty acids (PUFA/SFA) in the fat of the fish examined proved to be advantageous. The results have shown that the investigated fish species may constitute a healthy addition to the human diet.
Additional Points
Practical Applications. This study has documented effect of fish species on the fatty acid profile and nutritive value of fat of the muscle tissue of four species of important food fish. The obtained research results could serve as reference to nutritionists or dieticians.
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